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暂命名为 mhd1（Minhui3301 dwarf 1）。mhd1 表现出多个异常表型，包括植株
矮化、叶片直立变宽、叶色深绿、穗和谷粒较小，结实率低等。但 mhd1 的矮
化遗传机理尚不清楚。因此，本研究对 mhd1 进行表型鉴定、植物激素处理研





（2）mhd1 突变体对植物外源激素 GA3和 IAA 应答，对 BR 无应答。推测
mhd1 的矮化是由 BR 信号转导途径存在缺陷造成的。 
（3）mhd1 基因被精细定位在水稻第 3 号染色体短臂上 RM14649 和
RM14641 区间，物理距离约为 238 Kb，该区间内包括已克隆的矮秆基因 TUD1。
对突变体 mhd1 与闽恢 3301 的 TUD1 基因序列分析表明，mhd1 的 TUD1 基因
的编码区第 890 bp 处发生 T→C 的单碱基替换和第 891 bp-910 bp 处出现 20 bp
的缺失，产生无义突变。由此推断，本研究所定位的水稻矮秆突变基因 mhd1





















Plant height is an important factor of building plant type and directly affects 
rice yield. Over high plant easily causes lodging and yield reduction, while proper 
dwarf plant can improve lodging resistance and grain yield. Though many genes 
associated with rice dwarf have been identified, the main dwarf gene which can be 
applied in the production is still sd1. Therefore, it is important theoretical and 
practical significance in finding and creating new dwarf rice germplasms and 
studying their dwarf mechanisms. 
In this study, the small grain dwarf mutant material was derived from indica 
rice variety Minhui 3301 by ethylmethylsulfonate (EMS) mutagenesis, tentatively 
named mhd1 (Minhui3301 dwarf 1),which exhibited dwarf plants, erect, wide and 
dark green leaves, small panicles and grains, low seed setting rate and so on. But the 
dwarf genetic mechanism of mhd1 is unclear. Thus, we identified the phenotype and 
studied the plant hormone sensitivity of mhd1, crossed the mhd1 with Nipponbare to 
construct two F2 populations for gene analysis of mhd1, and conducted gene 
mapping of plant height of mhd1 based on SSR markers. The findings will help to 
clarify the response of mhd1 to plant hormones, and to further lay the foundation for 
gene cloning and functional research of mhd1. The main results were shown as 
follows: 
(1) Rice dwarf mutant mhd1 was controlled by a single gene, whose tall plant 
showed dominant and dwarf plant recessive. 
(2) mhd1 was response to exogenous hormones GA3 and IAA, but not response 
to exogenous BR. We speculate that the dwarfism of mhd1 was caused by the defect 
of BR signaling transduction pathway. 
(3) The mhd1 gene was fine mapped to a 238 Kb region between SSR markers 
RM14649 and RM14641 on the short arm of chromosome 3. This region included 
the cloned dwarf gene TUD1. Sequence analysis of TUD1 in mhd1 and Minhui 3301 
showed that there were a single base substitution from T to C and 20 bp deletion in 


















mhd1 gene and TUD1 gene may be allele. 
 
Key words: Rice (Oryza sativa L.); Dwarf mutant; Hormone response; Genetic 





















种植面积的 1/3，为人类提供 40%的热量。据估计，至 2025 年，全球人口将超
过 80 亿，其中以稻米为主食的人口数量将增至 35 亿，由于人口增长而导致的













































工诱变方法构建了水稻的突变体库，我国的物理辐射诱变突变体约 3 万株，EMS 
化学诱变突变体约 2 万株[11]，已建成 T-DNA 插入突变群体达 5 万株以上[12]，
日本 Shimamoto 实验室利用 Ac/Ds 转座子标签已创造出 6000 多个水稻突变
体[13]。对近年来实验室获得矮秆突变体的方式进行总结发现，主要以化学诱变
和插入突变居多。Piao 等[5]利用亚硝基脲（MNU）对粳稻品种 Hwacheong 进行
化学诱变获得一个新的半显性矮秆突变体 hd1；Sakamoto 等[6]通过 Tos17 插入
法获得一个 BR 缺乏的矮秆突变体 osdwarf4；Tong 等[7]通过水稻 T-DNA 插入法
获得一个矮秆少蘖突变体 dlt；王志勇研究组[8]通过 T-DNA 插入法获得一个 BR
缺乏的矮秆突变体 ili；Jiang 等[9]通过 T-DNA 插入法获得一个 BR 缺乏的矮秆突






























为 dn、dm、d6、sh 和 nl 五种类型，同时将茎秆长度和节间比例正常的品种标











半显性矮秆突变体 hd1，突变体出现短穗和籽粒圆小等性状；Komorisono 等[19] 








































征。对 GA 相关的水稻矮秆突变体研究表明，GA 主要通过其生物合成或信号
转导这两个途径影响水稻株高 [21]。 
2.1.1 GA的生物合成 
研究表明，GA 的生物合成途径分为 3 个阶段：（1）在质体中合成内根-贝
壳杉烯（ent-kaurene）。调控第一阶段的两个关键酶是柯巴基焦磷酸合成酶
（entcopalyl pyrophosphate synthase，CPS）和贝壳杉烯合成酶（ent-kaurene 
synthase，KS）。（2）在内质网中由细胞色素 P450 催化内根-贝壳杉烯合成 GA12-
醛（GA12-aldehyde）。调控第二阶段的两个关键酶是贝壳杉烯氧化酶（ent-kaurene 
oxidase，KO）和贝壳杉烯酸氧化酶（ent-kaurenoic acid oxidase， KAO）。（3）
GA12 醛到 GA 活性结构（如 GA1、GA3、GA4、GA7）的转变。调控第三阶段
的两个关键酶是 GA20-氧化酶（GA20-oxidase，GA20ox）和 GA3β-羟化酶
（GA3β-hydroxylase，GA3ox）[21]。在水稻 GA 生物合成途径中编码任意一个
关键酶的基因发生突变，都有可能导致 GA 合成受阻，植株表现出矮化性状。 
2.1.2 GA信号转导 
在细胞膜上，具有生物学活性的 GA 能与相应受体结合，通过跨膜运输将
GA 信号从膜外转至膜内，与 G 蛋白结合。G 蛋白在相关酶的作用下，将 GA
信号从胞质中转至核内。在细胞核内，GA 信号可能与 GID1 蛋白形成 GA-GID1，
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